Electron emission for single ionization of Ne by 25 fs, 1.0 PW/cm 2 laser pulses at 800 nm has been investigated in a kinematically complete experiment using a "reaction-microscope". Mapping the complete final state momentum space with high resolution a distinct minimum along the longitudinal momentum direction P e|| is observed at P e|| = 0 with respect to the laser polarization direction. Whereas tunneling theory predicts a maximum at the singularity our findings are in good agreement with recent semiclassical predictions which were interpreted to be due to "recollision".
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A profound knowledge of the electron dynamics in intense, femtosecond laser fields interacting with single atoms or molecules is indispensable for our understanding of laser-matter interactions in general and, thus, for a large body of present and future applications, like high harmonic generation, acceleration of electrons and ions, strong field induced fusion or the realization of intense laboratory x-ray sources. Fueled by results of novel many-particle imaging techniques [1, 4] recent interest in intense laser-atom interaction has increasingly focused to the investigation of many-electron transitions like double and multiple ionization, experimentally [2] [3] [4] [5] [6] [7] [8] [9] as well as theoretically (see e.g. [9] [10] [11] [12] [13] [14] [15] [16] ). Surprisingly, however, at PW/cm 2 intensities, where recollision is now being generally accepted [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] to dominate non-sequential double ionization, only few differential electron emission studies can be found in the literature for single ionization by femtosecond pulses in the optical frequency regime [17] [18] [19] [20] [21] [22] . Here, at typical Keldysh [23] parameters γ = (I P /2U P )½ << 1 (I P : ionization potential; U P = I/(2ω) 2 : ponderomotive potential with I the laser intensity and ω its frequency; atomic units are used throughout), the photoelectron spectra become increasingly smooth and unstructured, whereas they display a confusingly rich structure at lower intensities for γ ≥ 1.
Theoretically, the smooth exponential-like decrease has been explained early by quasi-static tunneling [17, 23, 24] of the active electron into the continuum or by treating above threshold ionization quantum mechanically as a transition of the bound electron to free electron states oscillating in the electromagnetic field (Volkov states) of the laser (the so-called Keldish- 3 Faisal-Reiss, KFR-model [23, 25, 26] ). In tunneling theory the active electron tunnels in a first step and is then accelerated, gaining drift energy in the oscillating field in a second step. The drift energy is a smooth function of the tunneling phase in the field with zero energy for tunneling at the maximum of the field and a maximum energy of up to 2U P for tunneling at a phase where the field is zero. Immediately, interest concentrated nearly exclusively on large electron energies, beyond 2U P , where significant deviations from simple tunneling as well as KFR-models were recognized and explained later by rescattering of the oscillating electron on its parent ion (see e.g. [21, 22, 24] )
causing acceleration up to a maximum energy of 10U P .
Until now, the very low-energy part of the electron spectrum at large laser intensities, close or even at zero electron energy, has never really been considered experimentally as well as theoretically. Since tunneling or over the barrier ionization is most likely at phases of the optical field where the electric field maximizes, essentially all theoretical approaches predict a maximum at zero electron energy in accord with most of the few existing experimental data that reliably extend to very low energies. Unexplained structures at low energies, (a peak at 10 eV and a "cut-off" at about 2.5 eV, slightly above the lowest value of about 2 eV from where on the electron spectra were presented) were only reported to the best of our knowledge by
Mohideen et al. [18] "in disagreement" with all theoretical predictions and with results of other measurements [19] [20] [21] [22] Essentially "en passant" very recent experiments [3, 4, [7] [8] [9] , originally devoted to measure electron spectra for double ionization, reported on low-4 energy single ionization electron spectra (E e < 150 eV). All of them at least find increasing yields for decreasing electron energies or, some of them, even a maximum at zero energy [3, 4, 7, 8] , as expected. Most notably, a very clear maximum at zero momentum was observed in both recoil-ion momentum measurements [3, 4] . Ion momenta close or even at zero can be reliably determined as proven in many previous investigations and are absolutely equivalent to the electron momenta [6] . Thus, indirectly, differential electron spectra have been recorded down to zero emission energy within the momentum resolution achieved, which was 0.2 a.u. for the Ne measurement and was not stated [3] but probably worse for the helium experiment [27] .
In this Letter we report on first high-resolution, fully differential ultra-low In Fig. 1 two-dimensional electron and ion momentum distributions are shown for single ionization of Ne. Whereas for the ions the complete distribution has been recorded simultaneously, the electron spectrum is directly measured only for all P e|| < -0.7 a.u.. Electrons with E e|| > 6.6 eV into the direction opposite to the electron detector leave the spectrometer are not registered. Since the spectrum has to be mirror symmetric with respect to P e|| = 0, a complete spectrum has been generated by randomly assigning "+" or "-"
signs to all electrons with P e|| > 0.
A widely smooth distribution in the longitudinal as well as transverse direction is observed as expected at high intensities for γ = 0.34. Surprisingly, and in striking contrast to the predictions of tunneling theory, however, a 7 minimum is found at P e|| = 0. Since ions and electrons are measured independently, the existence of the minimum is clearly demonstrated. Its form is slightly different in both distributions and less pronounced in the ion spectrum due to the somewhat worse momentum resolution for Ne 1 + as compared to the electrons. In a first measurement [4] , where only ions were recorded the momentum resolution was limited to ∆P = 0.2 a.u. and, hence, the sharp minimum was not visible at all. As mentioned before, structures at low energies and maybe a minimum at P e|| = 0 have only once been observed in the tunneling regime to the best of our knowledge by Mohideen et al. [18] under much less controlled experimental conditions and, accordingly, have not been discussed since then.
In order to further elucidate our findings we have projected the twodimensional electron distribution onto the longitudinal axis for all transverse momenta in Figure 2 . Also plotted is the tunneling theory prediction for 0.7 PW/cm 2 from Delone and Krainov [28] (thin line) with a maximum at P e|| = 0.
Here, the electrons have a phase dependent energy directly after tunneling.
Then, they are propagated classically in the oscillating electric field
Since tunneling is most likely at the maximum of the field ( 2 / π = Φ ) and since those electrons receive zero drift momentum a maximum of the electron momentum distribution at P e|| = 0 is predicted. Furthermore, a Gaussian shape is obtained without further structure which is not in agreement with the present results. 8 Also shown in Figure 2 is the result of a recent semiclassical calculation (thick line) for an intensity of 0.7 PW/cm 2 and a helium target [29] . It clearly shows not only a minimum at P e|| = 0 but also deviations from the Gaussian shape. Here, electrons are set into the continuum with a velocity distribution obtained from the wave function of the tunneled first electron to model single ionization. Then, the set of trajectories is propagated according to Newton's classical equations in the combined field of the laser and of the Coulomb potential of the residual singly charged helium ion. The ion core is also modeled classically assuming the electron to be in the He + ground state represented by a microcanonical distribution. In this way all mutual interactions between all particles are accounted for during the whole laser pulse in three dimensions. Within this model both, the minimum at zero momentum as well as the deviations from the Gaussian-shape are a result of the interaction of the tunneled electron with its parent ion, i.e. a consequence of rescattering. Switching off the interaction with the parent ion causes both characteristic features to disappear and the tunneling-theory result is recovered [29] .
The following interpretation is presented in Ref. [29] . Electrons tunneling close to the maximum of the field experience multiple recurrences to the parent ion with low velocities and, accordingly, large elastic scattering cross sections. Thus, after acceleration in the laser field they are effectively redistributed to larger momenta depleting at the same time the intensity at P e close to zero. Since recent purely classical "over-the-barrier" calculations on strong field single ionization [30] did not find a minimum at zero momentum, 9 the present findings seem to be closely connected with the quantum nature of the first "tunneling" step. The width of the experimentally observed momentum distribution is considerably smaller than predicted by both, the semiclassical and the tunneling theory. This feature, which has also been found in our previous measurement [4] , might either be due to an incorrect determination of the experimental intensity within the estimated accuracy of 20 % or be a result of the intensity integration over the waist of the laser focus in the experiment.
The experimentally observed minimum remains visible even if the doubly differential spectra are transformed into a singly differential distribution as a function of the electron energy, integrated over all emission angles as shown in Figure 3 . At the present intensity we otherwise observe a smooth, strongly decreasing energy spectrum without any indication of ATI peaks so that one might safely conclude that the only maximum obtained at about 1 eV is not a remnant of any multi-photon structure.
In summary, we have mapped the final state momentum space of low- Whereas effects from recollision have been clearly observed and are 10 commonly accepted to be of decisive importance at high electron energies beyond 2U P , effects due to recollision have not been observed for extremely small electron momenta at essentially zero electron energy to the best of our knowledge.
From the comparison with theory we are thus lead to the conclusion, that rescattering produces a double-hump structure in the longitudinal momentum distributions of the electron and of the ion, not only for double but, surprisingly, also for single ionization by strong laser fields.
. 
Acknowledgement:

